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In the recent Sing Sing Prison study on inocula-
tion syphifis (1) it was noted that four subjects
who had been treated for early syphilis and were
TPI[ non-reactive became TPI reactive within
two weeks after injection of heat-killed T. palli-
dum. A suggestive TPI titer increase in patients
already TPI positive was also noted after such
injections, but significant changes in syphilitic
reagin titers could be demonstrated. Boncinelli
(2) has made similar observations in a small
number of patients.
A provocative effect on reagin titers by in-
jected kified T. pallidum has been described as
early as 1928 by Hollander (3) who had been
skin testing with "Organic Luetin". Mention
should also be made of the old "Provocative
Test" and its modifications which were based on
STS titer increases after treatment for syphilis,
especially with arsphenamine. While this "Pro-
vocative Test" fell into disuse for reasons of
unreliability, the principle that the titer re-
sponses were induced by antigen released from
disintegrating organisms was generally accepted.
In recent years data were presented on at-
tempts to immunize animals to T. pallidum. It
was shown that injection of killed organisms
extracted from rabbit testicular syphilomas can
induce production of both reagin and TPI anti-
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bodies. McLeod and Magnuson (4) found that
the minimal number of organisms required to
induce such antibody production in normal
rabbits was approximately 0.5 biffion organisms
per kilogram. They also reported that in the case
of treated syphilitic rabbits injection of rela-
tively small numbers of T. pallidum, about 35
million, would convert non-reactive TPI and
reagin test to reactive. In those animals which
were TPI and/or reagin reactive when the killed
organisms were injected, increased titers were
noted. In both normal and treated syphilitic
groups of rabbits those injected with extract of
normal rabbit testicles showed no change of
reagin or TPI titers following the injections.
The present study is predicted on the assump-
tion that syphilitic human subjects injected with
small numbers of killed T. pallidum will show
provocative, or anamnestic responses like those
observed in rabbits with experimental syphilis,
while normals and BFP reactors will show no
such responses. The experimental results to be
presented strongly suggest that this is, indeed,
the case. In these experiments the organisms
were injected intradermally in concentrated form
so that the state of cutaneous sensitivity could be
determined at the same time.
75
MATERIALS AND METHODS
One hundred and fifty-four subjects were in-
cluded in this study. Except for some of the
controls all were patients seen by the Dermatol-
ogy Service of the University of Chicago Clinics.
Before skin testing the first sterile serum
specimens were obtained. At intervals ranging
from two days to several months after skin
testing, at least one more specimen was obtained
from each subject.
Serologic Tests
Each specimen was partitioned and the fol-
lowing tests performed:
1. Treponema pallidum Complement Fixation
Test (TPCF).** The first thirty of these tests
** This treponemal antibody test is similar to
the TPI test in specificity and sensitivity (5).
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were performed at the Venereal Disease Experi-
mental Laboratory, Chapel Hill, North Carolina.
All subsequent tests were performed at the
Venereal Disease Research Laboratory, Cham-
blee, Georgia. The technic used was that of
Portnoy and Magnuson (5).
2. Non-treponemal Tests
a. VDRL Slide Flocculation Test
b. Eagle-Wasserman Complement Fixation
Test. Early in the study these non-trepone-
mal tests were not quantitative. Conse-
quently, only the data obtained later in
the study were used for titer comparisons.
These tests were performed at the Serology
Laboratory of the University of Chicago
Clinics* according to the methods described
in the serology manual of the Department
of Health, Education, and Welfare (6).
3. In addition, a small number of TPI tests
performed, in selected cases, at the Dermatology
Laboratories of The University of Michigan. The
method used was that of Nelson and Mayer (7).
Skin Testing
The antigen used for skin testing, hereafter
called the Treponemin Antigen was prepared with
minor modifications after the method of Marshak
and Rothman (8). Thin slices of mature rabbit
testicular syphilomast were extracted at 40 C.
with isotonic saline or sodium citrate, with gentle
shaking for three hours or longer. The extraction
fluid was poured off and centrifuged (Interna-
tional Centrifuge, Size 2) at 2600 RPM for fifteen
minutes. The supernatant was filtered under
slightly reduced pressure through a medium por-
osity sinter glass filter, and then centrifuged in an
angle centrifuge (Servall 1-A) at 10,000 RPM for
one hour at 4° C. The supernatant was discarded
and the remaining white disk re-suspended in
normal saline with 0.6% formalin added. Centrif
ugation at 10,000 RPM, decantation, and re-
suspension in formalinized saline was repeated
four times. Final decantation was delayed forty-
eight hours, and the disk then suspended in normal
saline with 0.01% formalin added. The final sus-
pensions were held for at least thirty days before
use, during which time sterility was checked by
aerobic and anaerobic cultures. Preparations
considered to have too much cellular debris were
discarded. Counts of various suspensions ranged
* The authors are indebted to Dr. Vadim
Ormiste who kindly performed these tests.
f The Nichols strain of virulent T. pallidum
was used exclusively.
from 150 to 750 million organisms per cc. Control
suspensions were prepared from normal rabbit
testicles by the same process used for making
the antigen.
Treponemin tests were conducted by intra-
dermal injection of 0.1 cc. of antigen in the flexor
aspect of one forearm, 0.1 cc. of the control at a
similar site in the other forearm. The tests were
read at forty-eight or seventy-two hours. Mini-
mum requirement for positive reading was a
central papule surrounded by erythema and
edema of at least 1.5 cm. diameter, and the con-
trol side showing only a punctiform papule.
RESULTS
General
Of the 154 subjects, 106 were considered to be
syphilitics and 27 to be BFP reactors. In eleven
cases the diagnosis had not been established, and
there were ten controls with negative clinical
and serological findings. Twelve of the syphiitics
were unsuitable for comparative titer studies
because of anticomplementary reactions or un-
satisfactory specimens.
TPCF Results
1. Group with probable syphilis: Tables I and
II give the general results of the effect of one or
more treponemin tests on TPCF titers in the 94
syphilitics on whom complete data were ob-
tained. On the basis of the result obtained before
the injection of Treponemin, 75 or 80% of the
cases were positive, 6 or 6.4% were weakly
positive, and 13 or 13.6% were negative in the
TPCF test.
In Table I the effect of Treponemin on the
syphilis cases originally TPCF negative (thirteen
cases) and originally TPCF weakly reactive (six
TABLE I
TPCF titer change after Treponemin testing of syplsshtw patients
with initial non-reactive or weakly reactive TPCF'
Change in
Titer (in dilu-
tion steps)
No.
of
Cases
No. Pos.
Trepone-
mm Tests
Sec. Lat. C-V. Cong. CNS
NR—. 'R 2 0 2
NR—e.I 2 0 1 1
NR—e-i—2 3 2 2 1
NR—.+3,4, 6 5 4 1 1
5, 6
WR—s+1,2 1 0 1
WR—+3,4, 5 4 3 2
5, 6
Totals 10 11 1 12 2 4
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TABLE II
TPCF titer changes after Treponemin testing of syphilitic patient., with initially positive TPCF
Change in Titer
(indilution steps)
No. of
Cases
No. Posi-
tive Treco-
nemin 'rest
Type of Syphilis Initial TPCF Titer(Dils)
Sec. Latent C-V Cong. CNS. WE 1 2 4 6 16 32
+4
+3
+2
+1
2
5
15
23
0
3
8
9 1
2
3
10
9
1
1
1
1
1
2
3
10
2
3
1
2
8
3
2
6
6 11 1
Totals 45 20 1 24 3 4 13 8 11 14 11 1
No Change
Decrease
—1
—2
27
2
1
13
0
0
18
2
1
5 4 6 2
1
5 3
1
5 4 2
1
cases) is given. It can be seen that this entire
group of nineteen cases (20.0% of the syphilitic
group) showed evidence of TPCF antibody
production following injection of Treponemin.
Nine of the originally negative group were
diagnostic problems; eight of these were un-
treated. Of the six cases originally weakly posi-
tive on the TPCF test, three were diagnostic
problems; one of these had previously been
diagnosed a BFP reactor.
Table II indicates that in 45 or 48% of the
cases an initially positive TPCF test became
more strongly positive after the injection of
Treponemin. Patients with high initial TPCF
titers (8 or more Dils.) showed little or no anam-
nestic response but many with low initial titers
also showed little or no response. It can also be
noted in Table II that the titer changes were un-
related to diagnostic categories and were inde-
pendent of the Treponemin test results.
The overall number of cases showing the anam-
nestic response was 64 or 68%. However, if only
those responses from non-reactive to reactive,
weakly reactive to reactive, and of increased
reactivity by two or more dilutions are considered
significant, the incidence of significant anamnestic
responses was 41 or 44%.
The shortest time interval in which an anam-
nestic response was found was three days. The
optimum interval between skin testing and
second serum specimen appeared to be two to
three weeks. In five cases follow-up sera were
obtained for several months. TPCF and non-
Treponemal titers returned to pre-Treponemin
test levels in two to six months.
Fourteen of the syphilitic patients had repeat
Treponemin tests. In two cases anamnestic
response occurred only after the second skin
test. Two patients showed increase of TPCF titers
after each of two skin tests. Four patients re-
sponded to neither of two skin tests, three
responded to the first test only, and in three
cases TPCF titers were determined only after
both challenging injections, with anamnestie
responses resulting in all three instances. It
should be noted that ten of these fourteen pa-
tients had positive Treponemin tests, six on
both tests, four only when a more concentrated
antigen was used. The less concentrated antigens
were capable of inducing anamnestic responses
in several instances, however.
2. Probable BFP reactors and controls: In none
of the twenty-seven cases classified as BFP
reactors on the basis of nonreactive treponemal
STS before and after Treponemin testing and
clinical data was there a significant change in
nontreponemal STS titers after Treponemin
testing. Three of these patients had repeat skin
tests and treponemal and non-treponemal STS,
with the same negative results.
Eighteen patients in the BFP group had
clinical and/or laboratory evidence for systemic
disease; one had proven systemic lupus erythema-
tosus of recent onset but positive STS for at
least twenty years; and two had evidence for a
diagnosis of probable systemic lupus erythema-
tosus. The syphilitic group included four cases
of proven and one of probable systemic lupus
erythematosus.
The ten controls included seven healthy adults,
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one patient with chancroid but no syphilis, one
with syphiophobia, and one with a naso-pharyn-
geal carcinoma. One of the healthy adults had
fifteen Treponemin tests over an eighteen month
period, totaling approximately 500 million organ-
isms, and two others had two Treponemin tests
each, at one month intervals. None of the controls
showed reactive TPCF or nontreponemal STS
from two to eight weeks after Treponemin testing.
No TPI tests were obtained in this group.
Anticomplementary Reactions
The incidence of anticomplementary reactions
was quite high, occurring in fifteen cases. Twelve
of these patients were shown by subsequent
tests to be syphilitics, two were BFP reactors, and
one remained undiagnosed.
Nontreponemal Test Results
The nontreponemal STS titers followed the
same general pattern as TPCF titers. Of the
ninety-four patients whose TPCF data appear in
Tables I and II only 53 had quantitative non-
treponemal STS titers suitable for comparison
purposes. In Table III the relationship of the
nontreponemal STS titers to the TPCF titers is
indicated.
In a few cases the non-Treponemal titers were
of considerable importance in that striking
anamnestic response in the face of weak TPCF
response (e.g., NR -+ WR po) supported the
diagnosis of syphilis.
The finding of anamnestic responses in the
nontreponemal tests is at variance with the
Sing Sing study data (1).
TABLE III
Comparison of changes in TPCF and nontreponemal SI'S titers
following Treponemin tooting
TPCF
No.
of
Cases
Eagle-
wassermann
No.
of
Cases
•VDRL-Slide
No.
of
Cases
No change in
titer 15 No change
Increased
Decreased
11
2
2
No change
Increased
Decreased
10
5
0
Increased
titer 36 No change
Increased
Decreased
14
21
1
No change
Increased
Decreased
11
25
0
Decreased
titer 2 No change
Increased
Decreased
2
0
0
No change
Increased
Decreased
1
0
1
TPI Results
A small number of cases were selected from
the syphilitic group for TPI testing in addition
to the TPCF and nontreponemal tests. These
data are summarized in Table IV and in the
three case reports. As shown in Table IV, two
patients were initially TPCF negative but TPI
positive. TPCF became positive in both of these
cases after Treponemin testing. Another two
patients were negative to both TPCF and TPI
tests initially, and after skin testing became
positive only to the TPCF test.
Case C in Table IV was classified as undiag-
nosed because tests could not be repeated for
confirmation, but it is of interest that the father
of this 14 year old female also had positive STS.
The striking discrepancy between initial TPI
and TPCF in Case H in Table IV suggests the
liklihood of technical or reporting error.
From the data in Table IV and the case reports
it would appear that TPI titers are less responsive
to antigenic stimulation than are TPCF titers.
The number of cases, however, is too small for
comparison of the sensitivities of the TPI and
TPCF tests. The data can be offered only as
evidence that discrepancies between the two
tests do not discredit their specificities.
Treponemin Testing Results
In Table V the results of Treponemin testing
are summarized. This intradermal test detects
delayed or tuberculin type sensitivity and there-
fore falls in the same category as the tuberculin,
Brucellergen, Blastomycin, Histoplasmin, Cocci-
diodin, Frei, and similar tests.
Earlier attempts at preparing a reliable skin
testing antigen in syphilis failed for lack of tech-
niques for purification and concentration of T.
pallidum, and also because attempts were made to
use non-pathogenic strains (Reiter's strain partic-
ularly). Since the work of Marshak and Rothman
(8) a number of reports have clearly indicated
the high specificity of the test (9, 10, 11). We
prefer to call the skin test with the purified
antigen the Treponemin test as suggested by
Marshak and Rothman, since the name Luetin
had been applied to most of the previous, dis-
reputable tests.
It should be clearly understood that delayed
type sensitivity occurs only in certain forms of
syphilis. It has never been reported in primary
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TABLE TV
Results of TPI, TPCF, and nontreponemal STS in a selected group of cases
Diagnosis
Elapsed
Tmernce
Tests (days)
Result
rn
Titer A Titer B
TPCF Eagle VDRL Treponesnin
a) Asymptomatic CNS; NR — NE NR NR Neg.
Treated 4 years. 14 NR — — Ridil NR NE —
b) Secondary; Treated NR — — NR NR NR Neg.
10 years. 7 WR Rldil NR NE
c) No diagnosis; No NE — — NR — WR Neg.
treatment. 14 NE — — WE 1+ — R1:4 —
d) Latent; Treated 10 R 3 Is Ridil NR WE Neg.
years. 14 E J16 32 Rl6dil 4444410 R1:16 —
e) Latent; No Rx.
7
R
R
3( NR
R2dil
NE
44430
R1:2
R1:2
Pos.
—
f) Latent; Treated 7 R 3 I6 NR NR WR Neg.
years. 6
100
R
—
3
—
2
—
WR 2+
R8dil
NR
NE
R1:1
R1:1
—
—
g) Asymptomatic CNS; — — — WE NE NE Neg.
Treated 20 years. 65
240
20
—
WR
WR
—
3
— WE
WR 2+
R4dil
NR
NE
NE
NE
NR
WE
—
Neg.
—
h) Latent; No Rx.
17
R
R
83 NER32dil 4443±444±0 RR Pos.—
* Dilution showing 50% immobilization.
** Lowest dilution showing negative TPI.
TABLE V
Overall Treponemin test results
Diagnosis Pos. Neg. % Poe.
Latent
CNS
Tabes
Taborparesis
Asymptomatic
Other
Total CNS
Congenital
C-V
Secondary
BFP
Controls
Diag. in doubt
67
5
3
10
4
22
10
5
2
27
10
11
26
2
1
3
2"
8
9
5°
0
0
0
le
41
3
2
7"
2b
14
1
0
2
27
10
10
39.0
40.
33.3
30.0
50.
36.4
90.0
100.
0.
0.
0.
9.1
Totals 154 49 105
One case had associated C-V lues.
b One case had associated tertiary skin lesions.
One case had associated asymptomatic CNS
lues.
One case had associated liver gamma.
e See case report 3.
syphilis and only questionably in secondary. In
congenital and gummatous syphilis it is nearly
always present. In cardiovascular and in various
eye manifestations of syphilis sensitivity is
usually present. In CNS and latent syphilis
less than half of the cases will be skin test positive.
Our series does not include cases in all these
categories, but references 8, 9, 10, and 11 include
literature reviews and additional data. Earlier
work on allergy as well as immunity in syphilis
has been comprehensively reviewed by Urbach
and Beerman (12).
CASE REPORTS
The following three case reports illustrate the
significance of the above findings. Each vertical
column gives the results of the various tests on
the same day. The time interval between the
testing days is indicated at the column heads.
Case 1: A fifty-one year old white male without
history of early syphffis was noted in 1949 to have
weakly reactive nontreponemal STS and radio-
logic evidence for aortic arch aneurism. At exami-
nation in 1956 there was no notable progression
of the cardiac findings. Spinal fluid examination
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was negative and there
syphilitic therapy.
was no history of anti-
Tests Initial Second6 days
Third
45 days
Fourth
8 days
TPI
TPCF
VDRL
Eagle-
Wass.
Trepo-
nemin
WR (un.
diluted)
N
N
N
Positive
N
WR
N
WR (un-
diluted)
WR++
R1:16
444444321
Positive
H 1/12
Rl6dil
R1:64
444443
On the basis of the clinical and serologic
findings and absence of evidence for other causes
of aneurism, we believe this patient had cardio-
vascular syphilis. In addition to typical anam-
nestic response this case illustrates that it is
advisable to take the second serum specimen
several weeks after skin testing.
A similarly untreated case was recently re-
ported by Wilkinson (13). His patient had nega-
tive TPI and weakly reactive standard STS.
Death occurred following rupture of an aortic
aneurism. The gross and microscopic pathology
was that of inactive syphilis (14).
Case:A fifteen year old white female without
history of early syphilis or prenatal syphilis was
noted to have positive nontreponemal STS in
1955. In 1956 physical examination and routine
laboratory tests were negative except for positive
nontreponemal STS. The cerebrospinal fluid was
not examined. In 1954 the patient had had
extensive antibiotic therapy for an ear infection.
Tests Initial Second21 days
Third
75 days
TPI N
TPCF N R2dil WR++
Trepo- N
nemin
On the basis of the anamnestic response and
positive standard STS, it seems likely that this
patient had had syphilis, in the opinion of the
authors.
Case 3: A fifty-one year old white female had
gonorrhea at age thirty. She had some sort of
injection treatment over several months. Positive
nontreponemal STS was noted in 1956. The spinal
fluid was negative and there was no clinical or
laboratory evidence for active systemic disease.
Tests Initial Second12 ays
Third
60 days
Fourth
45 days
Fifth
9 days
TPI
TPCF
VJJRL
Eagle-
wass.
Trepo-
nemin
N
N
4443
Positive
N
WR
44441
N
N
444444
321
N
WR
444443
Pos-Pos
N
N
WR
344443
This patient presents a perplexing problem.
She has shown positive Treponemin tests with
three different antigen lots but persistently
negative Treponemal STS. Perhaps these data
mean that she had "burned out" syphilis with
positive nontreponemal STS and cutaneous
hypersensitivity the only remaining embers.
This patient was classified as undiagnosed.
DISCUSSION
Anamnestic responses are immunological phe-
nomena based on the ease with which a specific
antigen may reactivate a pre-existing antibody
producing mechanism. The response usually
occurs in less time than that required for primary
antibody production, and with much less anti-
genie stimulation. In a few of the cases in this
study, however, anamnestic responses were
delayed as long as three weeks. Since small
amounts of antigen were used, and since the
group included some cases of proven syphilis,
there is strong evidence that these responses
were truly anamnestic, and were specific for
syphilis. Furthermore, analogous observations
were recently made in brucellosis using the
Brucellergen test for antigenic stimulation (15,
16).
If one accepts the premise that a specific
anamnestic response has been demonstrated,
it appears that there may be a small but signif-
icant number of syphiitics who would be diag-
nosed as BFP reactors on the basis of negative
TPCF and/or TPI tests. The results presented
in this study would seem to indicate that such
cases can often be diagnosed by use of the proce-
dure herein described. The procedure is also
useful when the Treponemal STS fail to substan-
tiate a history of treated syphilis or when there
is strong clinical suspicion of the disease.
Untreated cases of syphilis with nonreactive
Treponemal STS might be assumed to represent
spontaneous cures. Latent, pre-natal, and late
syphilis with negative nontreponemal STS are
known to occur. Although it is claimed that the
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TPI is nearly always positive in untreated late
syphilis (17, 18, 19), this test most probably
also has an upper limit of sensitivity.
Skin testing in syphilis has gone through
many cycles of enthusiasm and discredit as a
practical procedure, but acknowledgement of
the importance of delayed type hypersensitivity
in the pathogenesis of many forms of the disease
is nearly universal. The antigens used in this
study probably had higher organism to debris
ratios than most previously used. The ideal
antigen, however, has not yet been aehieved.*
Nevertheless, if carefully administered and
interpreted, the present Treponemin test can be
a useful adjunct in the diagnosis of syphilis.
The significance of Treponemin reactivity in
latent syphilis is worthy of consideration. It is
well established that detectable delayed type
hypersensitivity is not required for immunity
(20), and, in fact, allows greater destruction with
fewer organisms. Thus, it would appear that the
Treponemin positive latent syphilitic patient has
asymptomatic "Tertiarism" and awaits oniy
sufficient organisms for manifest lesions to
develop.
SUMMARY
A small but diagnostically important group of
patients suspected of having syphilis, treated or
untreated, show negative Treponemal STS
(TPCF and/or TPI). After antigenic stimulation
by injection of killed Treponema pallidum many
of these patients became positive to the same
Treponemal tests. They often became positive to
non-treponemal tests as well. Evidence that these
anamnestic responses are specific for syphilis and
therefore constitute strong support for the diag-
nosis of the disease is presented. In addition, the
results and significance of the Treponemin skin
test for syphilis are discussed.
The authors wish to acknowledge the valuable
advice of Dr. Stephen Rothman in carrying out
these experiments and in preparing this manu-
script.
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